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Abstract 
Pattern separation (PS) has been defined as a process of reducing overlap between 
similar input patterns to minimize interference amongst stored representations. The 
present article describes this putative PS process from the “representational-
hierarchical” perspective (R-H), which uses a hierarchical continuum instead of a 
cognitive modular processing framework to describe the organisation of the ventral 
visual-perirhinal-hippocampal processing stream. Instead of trying to map psychological 
constructs onto anatomical modules in the brain, the R-H model suggests that the 
function of brain regions depends upon what representations they contain. We begin by 
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discussing a main principle of the R-H framework, the resolution of “ambiguity” of lower 
level representations via the formation of unique conjunctive representations in higher 
level areas, and how this process is remarkably similar to definitions of PS. Work from 
several species and experimental approaches suggest that this principle of resolution of 
ambiguity via conjunctive representations has considerable explanatory power, leads to 
wide possibilities for experimentation, and also some perhaps surprising conclusions.  
 
Introduction 
The importance of complex conjunctive representations for the resolution of ambiguity in 
lower-level representations is a major focus for our research as well as others. Much 
work from several species and experimental approaches suggests that this principle of 
resolution of ambiguity via conjunctive representations has considerable explanatory 
power, particularly regarding how best to understand the effects of focal brain 
dysfunction (e.g., Bussey & Saksida, 2002; Lee et al., 2005a,b; Barense et al., 2005; 
Graham et al., 2006; Cowell et al., 2006; Bartko et al., 2007; McTighe et al., 2010; 
Cowell et al., 2010a; Barense et al., 2012; Lee & Rudebeck, 2010). We have referred to 
this way of thinking about brain organisation as  the “representational-hierarchical” 
perspective (R-H) (e.g., Bussey & Saksida, 2002; Bussey & Saksida, 2005; Saksida & 
Bussey, 2010; Murray, Bussey & Saksida, 2007). 
 
Recently there has been a great deal of interest in a process referred to as “Pattern 
Separation” (PS). PS has been defined as “… reducing interference among similar 
inputs by using non-overlapping representations…” (e.g., Reagh et al., 2014) and “…the 
ability of the network to reduce the overlap between similar input patterns before they 
are stored in order to reduce the probability of interference…” (Neunuebel & Knierim, 
2014). Clearly the main principle of the R-H framework, the resolution of the “ambiguity” 
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of lower level representations, via the formation of unique conjunctive representations in 
higher level areas, is a strikingly similar idea to the above conceptions of PS.  The 
present article is, therefore, aimed at researchers interested in PS, and explores the 
question: To the extent that researchers are interested in PS because it results in the 
formation of new, interference-reducing representations, what insights into PS might be 
offered by considering some of the conclusions resulting from R-H theory?  
 
A quick word about the scope and aims of this opinion piece. R-H theory grew out of an 
interest in the functional relevance of processes and representational content in the 
brain. That is, what such processes and representational content do for us, in aspects of 
cognition such as memory and perception. The way to determine this is through 
empirical, causal behavioural experiments that measure cognition. Non-empirical 
approaches such as computational modeling have been hugely important in the area of 
PS (O’Reilly & McClelland, 1994; Rolls, 1987; 1989; 1990; Treves & Rolls, 1994; 
Norman & O’Reilly 2003; Rolls & Kesner, 2006) and indeed, experiments testing the R-H 
view have been guided by computational modeling (e.g., Cowell, Bussey, & Saksida, 
2006; Bartko et al., 2007; Barense et al., 2012). But we must remember these are 
models, and at some point experiments on real brains must be done. Correlational 
experimental approaches, particularly electrophysiology, have shed much light on PS at 
the cellular and network levels (e.g., Neunuebel & Knierim, 2013, 2016 this issue), and 
focus on PS as a specific mechanism involving the transformation of an input 
representation to an output representation, in which the output is less correlated than the 
input (in line with computational models). However this process is of interest because of 
the representations thus formed and in particular their relevance to cognition (usually 
memory). Correlational approaches generally do not address this relevance. 
Additionally, correlational approaches have largely focussed on the hippocampus, 
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whereas a main aim of what follows below is a suggestion that we need to consider 
other areas of the brain with respect to PS. Fully understanding any function of the brain 
cannot be accomplished by any single method alone, but requires converging, 
complementary approaches. 
 
Furthermore, our focus in this article is the relevance to cognition of the result of 
processes such as PS, i.e., the representations that are formed from such processes. 
We will not, in this review, discuss how these representations are formed. For example, 
we will consider that such representations may be housed in the ventral visual stream, 
but not, the way the formation of such representations might be related to the receptive 
fields of neurons. Comprehensive treatments of such issues, along with the properties of 
such representations (e.g., invariance), can be found in other sources such as Rolls 
(2016; this issue). 
 Insofar as PS can be considered to be a process of forming new representations 
that help resolve ambiguity, the results of experiments carried out under the auspices of 
R-H theory lead us to offer a number of possibly surprising hypotheses about PS, 
including: 
1. PS is fundamental to many aspects of cognition including perception; it is not just 
for memory. 
2. PS happens in many cortical regions, not just the hippocampus.  
3. PS happens for all stimulus material and not just ‘spatial’ or ‘episodic’ material. It 
happens for different types of representations, in the different regions and 
different levels throughout the “representational hierarchy”.  
4. The dentate gyrus (DG) is unlikely to maintain all levels of representation, and 
thus is not a truly domain-general pattern separator. 
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5. PS – insofar as this term equates with the formation of interference-reducing 
conjunctive representations – may have much wider explanatory power for 
understanding the effects of brain dysfunction than previously suspected. 
 
Below we provide a brief history and summary of R-H theory, with special emphasis 
on these particular conclusions regarding PS, and then return to these points. 
 
The Representational-Hierarchical model: A brief history and summary 
 
The R-H view was first presented in 1998 (Saksida & Bussey, 1998) and discussed 
in a review article in 1999 (Murray & Bussey 1999). Eventually the first modeling and 
experimental studies testing the theory were published (Bussey & Saksida, 2002; 
Bussey, Saksida, & Murray, 2002; 2003). Although R-H takes a broad view of cognition, 
initial studies focused on visual cognition, and in particular the issue of whether there are 
dedicated, anatomically segregated memory (Squire & Zola-Morgan, 1991) and 
perceptual representation (Schacter & Tulving, 1994) systems in the brain. Initial 
experimental studies focused on perirhinal cortex (PRh) as a “testing ground” at the 
anatomical interface between putative memory and perceptual systems. Other authors 
published similar ideas (e.g., Buckley & Gaffan, 1998; Gaffan, 2002) around this time 
and since (e.g., Graham, Barense, & Lee, 2010; Nadel & Peterson, 2013). 
Our approach was to try to understand impairments in visual cognition following focal 
brain dysfunction. The prevailing view was that such impairments could be understood in 
terms of damage to a processing module specialized for a particular aspect of cognition 
(Squire & Zola-Morgan, 1991; Schacter & Tulving, 1994). In contrast to such a modular 
view, R-H theory proposed that representations are organized in a hierarchical 
continuum and are useful for all aspects of cognition that require them, including 
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memory and perceptual discrimination [indeed we initially referred to this idea as the 
“Perceptual-Mnemonic/ Feature-Conjunction” model (Bussey & Saksida, 2002)]. Thus, 
R-H emphasizes content rather than processing. The strongest version of the view is 
that there are no substantive processing differences within these various regions, and 
effects of brain dysfunction can be understood entirely on the basis of content (see 
Forwood et al., 2012). Although this very strong version of the view is unlikely to be 
entirely correct, it is perhaps surprising just how much it has been able to explain, 
without having to invoke putative differences in processing.   
The basic idea of the R-H view is illustrated in Figure 1.  
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Figure 1. R-H applied to visual cognition (adapted from McTighe et al., 2010). As 
representations pass through regions of the visual ventral stream (VVS) and into the 
medial temporal lobe, they become increasingly more complex in a hierarchical fashion. 
Representations supported by caudal regions represent “features” (e.g. A, B, C and D), 
whilst representations supported by more rostral regions represent conjunctions of those 
features (eventually leading to a representation at the level of a whole object-level 
representation (ABCD) in PRh and spatial and contextual representations in the 
hippocampus). The traditional multiple memory systems view suggests that structures 
within the medial temporal lobe subserve exclusively (declarative) mnemonic function, 
whereas structures in the ventral visual stream are important for, e.g., perceptual 
discrimination. In contrast, the representational-hierarchical view suggests that stimulus 
representations throughout the ventral-visual-perirhinal-hippocampal stream are useful 
for any cognitive function that requires them.  
 
To summarize a few key principles of R-H theory: 
1. R-H emphasizes content, rather than process. 
2. R-H assumes there is no ‘configural’ or ‘conjunctive’ region of the brain; each 
area contains conjunctive representations at different levels of complexity. 
3. These conjunctive representations have the property that “the whole is 
greater than the sum of the parts” (see Desimone et al., 1984; Gross, 2008; 
Baker, Behrmann, & Olson, 2002; Erez et al., 2015; cf Sripati & Olson, 2010). 
4. Lesions in particular brain regions disrupt performance on tasks for which the 
representation contained within the region are useful – irrespective of what 
putative cognitive processing function has been used to label the task. These 
labels for tasks usually come out of the implicit or explicit assumption of 
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processing modules, which the tasks are designed to tap. R-H proposes 
there are no such modules.  
5. Higher-level conjunctive representations help to disambiguate the 
behavioural significance of lower-level representations. Lower-level 
representations of, say, individual visual features are likely to occur across 
many objects or situations. Each of these features is therefore likely to be 
associated with different outcomes when part of different objects or events, 
creating ambiguity. Higher-level, more unique conjunctive representations are 
less likely to occur across many objects or events and can therefore help to 
disambiguate the individual features. 
   
This last point is critical for explaining the effects of brain dysfunction on cognition, 
and where the concept of PS might fit into R-H theory. To illustrate, let’s use our early 
experiments on the PRh. Following the standard model of VVS organization (Desimone 
& Ungerleider, 1989; Tanaka, 1996; Riesenhuber & Poggio, 1999), we assumed that the 
PRh holds object-level representations, whereas feature-level representations are held 
in more caudal regions of the stream (Bussey & Saksida, 2002). The model further 
assumed a high degree of specificity of the representations in PRh (the idea that ‘the 
whole is greater than the sum of the parts’), an assumption that has now been supported 
by electrophysiological and imaging studies (Baker, Behrmann, & Olson, 2002; Erez et 
al., 2015). Indeed, other studies have since confirmed the existence of highly specific 
complex visual representations throughout the MTL (Quiroga et al., 2005; 2008). These 
specific complex conjunctive representations prevent the subject from having to rely only 
on simple feature representations (i.e., isolated parts of stimuli) in upstream areas when 
solving tasks such as visual discriminations. This is important when individual features 
are not sufficient to solve a problem.  For example, subjects with damage in PRh are 
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impaired on tasks when features reoccur in both rewarded and non-rewarded objects. 
Thus complex conjunctive representations resolve feature ambiguity in lower-level 
representations – a concept strikingly similar to the notion of PS as  “…reducing 
interference among similar inputs by using non-overlapping representations…” (e.g., 
Reagh et al., 2014)  
We and others have used many different tasks to manipulate feature ambiguity (and 
thereby the requirement for PS), including versions of the biconditional discrimination 
(Bussey, Saksida, & Murray, 2002; Barense et al., 2005; Bartko et al., 2007) and 
morphing stimuli together to increase similarity (Bussey, Saksida & Murray, 2002; 
Barense et al., 2005; Bartko et al., 2007). Figure 2 depicts three conditions of a 
concurrent pair-wise discrimination task as an example of the use of biconditional 
discrimination and its variants to manipulate feature ambiguity. Each set of 
discriminations show bugs comprised of two features: legs and body plan (represented 
in Figure 2 using a distinct letter for each feature). When ambiguity is minimal (left 
column), the discrimination can be solved based on a single feature alone. For example, 
body plan A is always correct, whilst body plan E is never correct.  This is true of all 
individual body plans and leg configurations. When there is maximum ambiguity (right 
column), all individual features are rewarded equally often, but conjunctions of those 
features are selectively rewarded. For example, body plan A is rewarded when paired 
with leg configuration B but not with leg configuration D, whilst body plan C is rewarded 
when presented with leg configuration D, but not when in combination with leg 
configuration B. However, the combination of body plan A and leg configuration B is 
always rewarded, whilst the conjunction of body plan A and leg configuration D is never 
rewarded. Importantly, the combination of individual features into a conjunctive 
representation is necessary to solve the task in the maximum, but not the minimum 
ambiguity condition.  
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Figure 2.  Concurrent object discrimination (adapted from Barense et al., 2005) in which 
each stimulus (bug) contains two types of features (legs and body plan). The ambiguity 
level can be manipulated by varying the degree to which the discrimination can be 
solved using single features alone (e.g. always choose A [body plan with four dots] or C 
[body plan with thick stripes] in the minimum condition) or requires the use of 
combinations of features (e.g. always choose AB [body plan with four spots and orange 
legs] or CD [black body plan and yellow legs] in the maximum ambiguity condition).  
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In addition to these initial explorations, the same basic principles have been used to 
explain a number of phenomena; for example: 
1. Impairment in pair-wise visual discriminations following PRh damage. The 
seemingly contradictory findings that some pair-wise visual discriminations 
are impaired following damage to PRh whereas others are not, can be 
explained in terms of feature ambiguity (Bussey & Saksida, 2001; Bussey, 
Saksida, & Murray, 2003; Barense et al., 2005). Pairwise discriminations that 
are highly ambiguous are impaired after PRh damage but if the discrimination 
can be solved on the basis of individual features alone then they are not. 
These experiments and others showed that damage to a structure that is part 
of the putative ‘medial temporal lobe declarative memory system’ (Squire & 
Zola-Morgan, 1991) could impair performance on tasks with no overt 
declarative mnemonic component, indicating that the prevailing view of non-
overlapping memory versus perceptual representations systems could not be 
correct (e.g., Bussey & Saksida, 2002; Lee et al., 2005b; Barense et al., 
2005; Graham et al., 2006; Cowell et al., 2006; Bartko et al., 2007; McTighe 
et al., 2010; Cowell et al., 2010a; Barense et al., 2012; Lee & Rudebeck, 
2010). 
2. Increased susceptibility to interference following PRh damage. The model 
predicted that disruption of the representations of high-level conjunctive 
representations in PRh would lead the system to be highly susceptible to 
interference from lower-level feature representations. This was confirmed 
experimentally in rats by Bartko and colleagues (2010) and later shown in 
humans with amnesia by Barense and colleagues (2012). 
3. Delay-dependent impairments following PRh damage. The model produces 
delay-dependent forgetting as a result of interference from stimulus input 
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during the delay in a memory task. For example, delay-dependent 
impairments after PRh damage result from the lack of conjunctive 
representations to resolve the ambiguity of the simpler representations of 
lower-level regions that are more likely to be encountered during the delay 
(Cowell, Bussey, & Saksida, 2006). 
4. False recognition following PRh damage. The above mechanism made the 
counterintuitive prediction that impairment in object recognition after PRh 
dysfunction may not be due to forgetting per se, but to false recognition (due 
to interference), which was confirmed experimentally (McTighe et al., 2010) 
and later observed in AD mice and aged rats (Romberg et al., 2012; Burke et 
al., 2010) and humans (Yeung et al., 2013). 
5. Amnesia may best be understood as a deficit of encoding, consolidation and 
retrieval. There is a classic debate over whether the primary deficit in 
amnesia is one of encoding (i.e., conversion of incoming information into a 
representation in the brain), storage/consolidation, or retrieval (i.e., the ability 
to access previously stored information; Butters & Cermak, 1980; Kopelman, 
2002; Meudell & Mayes, 1982; Warrington & Weiskrantz, 1970). R-H 
suggests that brain damage can, at least with respect to object recognition, 
affect all three (Bartko et al., 2010; Saksida & Bussey, 2010). An object, once 
encoded, is represented throughout the VVS. However, damage to medial 
temporal lobe regions such as PRh, as occurs in amnesia, affects only part of 
the representation of that object. Thus, although the complex conjunctive 
representation of the object is compromised, lower-level representations of 
the individual features that make up the object remain intact. Damage in 
rostral regions therefore affect both encoding and storage because the 
complex stimulus representations, normally maintained in rostral regions and 
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that are important for the resolution of interference, cannot be formed or 
stored. Retrieval is also affected because there is competition between the 
remaining feature representations when individual features are shared 
between interfering and novel stimuli. Consistent with this interpretation, 
temporary dysfunction of PRh impairs object recognition during encoding 
(study phase), storage/consolidation (delay phase), or retrieval (test phase) 
(Winters et al., 2007; Winters & Bussey, 2005), and similar findings have 
been reported in hippocampus (Riedel et al., 1999). Note this account 
diverges sharply from the usual approach, which is to understand amnesia as 
due to damage to a processing module specialized for a specific type of 
cognition (memory).  
6. Double dissociations of brain lesions do not force an explanation in terms of 
modularity. An extended version of the model showed that the double 
dissociations in monkeysʼ visual discrimination performance following lesions 
to different regions of the visual hierarchy–usually interpreted as evidence for 
the modularity of visual perception and visual memory—could be accounted 
for by compromised representations within a hierarchical representational 
continuum rather than impairment in a specific type of learning, memory, or 
perception (Cowell et al., 2010a; also see Plaut, 1995). 
7. The representational hierarchy extends at least as far as the DG of the 
hippocampus. The hippocampus is thought to contain higher-level 
representations than representations in PRh, consistent with relational, 
cognitive map, or episodic views of hippocampus function, and thus might be 
thought of as the apex of the representational hierarchy we are considering 
(Cohen & Eichenbaum, 1993; O’Keefe & Nadel, 1978). Although our work 
has not yet extended to the entorhinal cortex (EC), it seems reasonable to 
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speculate that EC supports intermediate-level representations given its 
anatomical position connecting the PRh to the hippocampus (i.e. that it 
maintains representations that are of greater complexity than those of PRh, 
but of lower complexity than those of the hippocampus). This is supported by 
recent electrophysiological evidence indicating that lateral EC supports the 
processing of information about individual objects and locations based on a 
local reference frame (i.e. spatial cues in close physical proximity to the 
individual), whilst the grid-cell populated medial EC supports global (distal 
spatial cues) reference frames (Neuneubel et al., 2013). Consistent with the 
non-modular nature of R-H, the hippocampus was shown to be involved in 
perceptual discriminations (Lee et al., 2005b; 2006; 2007; 2008) and other 
“non-declarative” tasks (Graham et al., 2006; Chen & Phelps, 1999), as long 
as the representation required for the task was higher-level, at the level of 
places or contexts. We explained how this view can account for the effects of 
hippocampus lesions on “recency memory” in terms of the resolution of object 
ambiguity by higher-level hippocampal representations – without having to 
assume the hippocampus is a module specialized for processing “recency 
memory” (Cowell et al., 2006). Furthermore, we have suggested that 
evidence taken to support the existence of “familiarity” or “recollection” 
processing modules in the PRh and hippocampus, respectively, may be 
equally compatible with the R-H content-based view (Cowell et al., 2010b).  
 
What does any of this have to do with PS? 
 
The relevance of R-H principles to PS is that all of the above and more can be 
explained by the formation of highly discriminable representations that resolve 
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interference or ambiguity, which is thought to be the function of PS (see definitions 
above). This suggests that PS is a rather powerful process that happens in many parts 
of the brain, and may be a major player in many aspects of cognition.  
It is worth taking a moment to focus on the last point above, the proposal that the 
hippocampus is an equal partner with other structures within the representational 
hierarchy, in which all structures perform PS. Although the role of many different 
structures in PS has been emphasized by Kesner and his colleagues (e.g., Gilbert & 
Kesner, 2002;2003; Gilbert, Kesner, & Lee, 2001; Hunsaker & Kesner, 2013), most 
computational theories have tended to emphasize the hippocampus—and particularly 
the DG—in PS (e.g., Rolls 1989, 1990; Treves & Rolls, 1994; Norman & O’Reilly 2003). 
After Marr (1971), these models usually regard the CA3 region of the hippocampus as 
an auto-associator that can retrieve full memories from partial cues, thereby making it 
essential for retrieval of episodic memories. According to these models, to operate 
efficiently and avoid interference, auto-associators require non-overlapping inputs. 
Because of its various physiological and anatomical properties, the prime candidate for a 
region that could reduce the overlap in inputs to CA3 is DG. However, rather than 
assuming that DG is but one region that may contribute to PS of inputs to CA3, these 
theories often make the assumption or claim that the hippocampus implements PS 
whereas the cortex does not (Norman & O’Reilly, 2003; Norman, 2010) or indeed that 
PS is the fundamental key to understanding the differences in the roles of the 
hippocampus versus the cortex in memory (Rolls, 2015). As a consequence, the vast 
majority of the work on PS is focused on the hippocampus. Furthermore, a particular 
population of hippocampal neurons – the immature adult-born neurons in DG – has been 
repeatedly implicated in PS (Gilbert, Kesner, & Lee, 2001; McHugh et al., 2007; Leutgeb 
et al., 2007; Bakker et al., 2008; Hunsaker, Rosenberg, & Kesner, 2008; Clelland et al., 
2009; Creer et al., 2010; Sahay et al., 2011; Nakashiba et al., 2012; Tronel et al., 2012; 
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Kheirbek et al., 2012; Lee & Solivan, 2010; Bekinschtein et al., 2014; Neunuebel & 
Knierim, 2014). Such findings have led to the suggestion that the DG is a universal 
pattern separator that is ‘domain agnostic’ (Yassa & Stark 2011; Azab et al., 2014). 
However these authors also acknowledge the evidence outlined above that PS happens 
in many brain regions and for many cognitive processes, for example in PRh at the level 
of objects. What is not clear to us is how the same inputs—e.g., objects—could be 
separated twice, once in, say, PRh and then again in the hippocampus. This needs to be 
explained. Furthermore, tasks such as those described above designed to test the 
necessity of ‘pattern-separated’ conjunctive object representations in PRh are 
completely unaffected, or even enhanced, by hippocampus lesions (Saksida et al., 2006; 
2007; Kesner et al., 2015), showing that DG cannot be a domain-general pattern 
separator. 
Furthermore these authors and others discuss DG-mediated PS as being exclusively 
for memory. As we have seen, however, ‘pattern-separated’ object-level representations 
in PRh are not only important for memory; they are important for perceptual 
discrimination, amongst other functions. The view that PS must be ‘for’ a particular 
cognitive function follows from the (we believe incorrect) assumption of cognitive 
modularity. If one assumes that brain regions are specialized cognitive processing 
modules, then the PS that happens there must be ‘for’ that cognitive function and no 
other. Thus if one thinks the hippocampus is specialized for memory, then PS in the DG 
must be for memory. The R-H view is non-modular, and under this view PS can be for 
any cognitive process, not just memory.  
Finally, we note that the apparent involvement of adult-born neurons in the DG in PS 
presents a challenge to the present view, namely: if PS happens in many regions where 
there is no neurogenesis, why are these new neurons necessary for PS only in the DG? 
One possibility is that complex, information-rich representations in the hippocampus, 
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which in the case of episodic memory or one-trial contextual learning must be learned 
extremely rapidly, require the ultra-responsive, highly plastic new neurons in DG. But 
this idea is speculative. Furthermore, you may have noticed that we are now suggesting 
the possibility of different processing in one specific region of the hierarchy. Perhaps this 
is where the strong version of R-H, which claims that all can be explained by content 
without invoking differences in process, breaks down. 
 
Concluding thoughts 
To recap, the main points arising from this analysis are: 
1. PS is fundamental to many aspects of cognition including perception; it is not just 
for memory. 
2. PS happens in many cortical regions, not just the hippocampus. 
3. PS happens for all stimulus material and not just ‘spatial’ or ‘episodic’ material. It 
happens for different types of representations, in the different regions and 
different levels throughout the hierarchy.  
4. The DG is unlikely to maintain all levels of representation, so is not a domain-general 
pattern separator. 
5. PS – insofar as this term equates with the formation of interference-reducing 
conjunctive representations – may have much wider explanatory power for 
understanding the effects of brain dysfunction than previously suspected. 
Thus, considering PS from within the R-H perspective leads us to think about PS in a 
way that diverges from the typical understanding. Moreover, it makes some predictions 
and opens up wide possibilities for experimentation beyond the simple discrimination 
paradigms that are used in the majority of studies. For example, ‘pattern-separated’ 
representations in the DG should be important, not just for spatial/contextual memory, 
but for spatial/contextual analogues of the many object tasks that have been shown to 
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be dependent upon PRh, some of which are mentioned above (e.g., Kesner et al., 
2015). 
Consideration of the R-H view of brain organization might also change the way 
researchers interpret the results of their studies. The most salient example, perhaps, is 
the need to consider the level of representation thought to be housed in the brain region 
one is considering. This means that the choice of stimuli used in experiments becomes 
critical. For example, if PRh is found not to be involved in PS for locations/places, that 
does not mean it is not important for PS at all. It is -- for object-level representations and 
stimuli. Similarly, if hippocampal dysfunction does not affect tasks for which object-level 
conjunctive representations are necessary (it doesn’t; e.g., Saksida et al.,2006; 2007; 
Kesner et al., 2015), that does not mean it is not important for PS. It is --  for location-
level representations.  This principle is as true for PS as is it for any other aspect of 
cognition, yet it continues to surprise us how often the assumptions of the cognitive 
processing module view lead researchers to think the choice of stimulus material in their 
experiments is irrelevant.  
As another example, studies have tended to pit against one another tasks or 
cognitive abilities that according to R-H theory are underpinned by the same 
mechanism: the resolution of ambiguity (or interference) by conjunctive representations. 
For example in the area of neurogenesis, some researchers have asked: Does 
neurogenesis affect PS (discrimination at the behavioural level) or reduction of 
interference in memory? With our PRh work we have shown how the same conjunctive 
representations are useful for both discrimination and reduction of interference in 
memory. The same can be said of many aspects of cognition – including the persistence 
of memory -- as explained above. Consideration of R-H, therefore, might lead 
researchers studying PS to frame their questions in a different way. 
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As a final example of the way consideration of R-H theory might lead researchers to 
design and interpret their studies differently, consider the case for separate types of PS; 
one for memory (reliant on the hippocampus), and another for perceptual discrimination. 
Hunsaker and Kesner (2013), for example, emphasize the importance of the ventral 
hippocampus in PS for memory of odors, but not perception, citing a study by Kesner et 
al. (2011) showing that ventral hippocampus lesions spared pair-wise discrimination of 
similar odors, but impaired discrimination of even relatively dissimilar odors when a 
delay was imposed. However, as described above, Cowell et al. (2006) showed how 
conjunctive representations resolving interference can explain delay-dependent deficits 
(and the predictions of that model have been borne out in a number of experiments; e.g. 
Barko et al., 2007; McTighe et al., 2010). The representations that do this are neither 
exclusively ‘perceptual’, nor ‘mnemonic’; they are useful for all kinds of tasks that we 
refer to as tests of ‘perception’, ‘memory’, ‘categorization’, or whatever. Indeed on this 
view, we would predict that a lesion that compromised such conjunctive representations 
could generate exactly the pattern observed by Kesner et al. (2011): less similarity is 
required to produce a deficit when the task is combined with a delay that is also 
increasing the load on PS. Therefore from the perspective of R-H, it is not just that 
Kesner and colleague’s conclusion that their results indicate ‘mnemonic’ but not 
‘perceptual’ PS is unwarranted, it is that it is the wrong question to begin with, assuming 
as it does separate perceptual and mnemonic modules in the brain. However given that 
assumption, these authors approached it experimentally in the right way – by using tasks 
thought to tap these different assumed systems; often the conclusion that the, say, 
hippocampus is involved in pattern separation for memory only, comes from nothing 
more than the assumption that the hippocampus does memory and nothing else (which 
we believe to be incorrect (Lee et al., 2005ab; Zeidman, Mullally, & Maguire, 2014). 
Furthermore the foregoing analysis underscores the need for evidence for PS to come 
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from several levels of discriminability in a task where all other factors (such as delay) are 
held constant, and an interaction between group and discriminability obtained. Many 
studies on PS have not met this basic requirement, using on a single level of 
discriminability. Kesner et al. (2011) used four levels in the delay task. However all 
separations were impaired, thus providing little evidence for a role for the hippocampus 
in odor PS. 
As a final comment, our work has focused almost exclusively on vision and the 
hierarchical organization of the VVS leading into the PRh and through to the 
hippocampus, but it is almost certainly the case that all of these considerations extend to 
modalities other than vision., Modalities begin to converge in the PRh; indeed there is 
some evidence for impaired tactile PS following lesions in this region (Ramos, 2014). 
However, representations in many unimodal areas are likely to be organized in this way, 
and the principles of conjunctive representations/ambiguity and PS would therefore 
apply equally to these other modalities.  For example, the dorsal and ventral auditory 
processing streams appear to be hierarchically organised (Warren, Wise, & Warren, 
2005; Rauschecker & Scott, 2009): the representations of specific speech sounds are 
encoded in posterior regions such as mid superior temporal gyrus (STG), whilst 
representations of the meaning of speech are represented in more anterior parts of the 
STG (Rauschecker & Scott, 2009). PS – as defined above --may be happening 
throughout many brain systems. 
 
References 
Azab, M., Stark, S. M., & Stark, C. E. (2014). Contributions of human hippocampal 
subfields to spatial and temporal pattern separation. Hippocampus, 24(3), 293-
302. 
Bartko, S. J., Winters, B. D., Cowell, R. A., Saksida, L. M., & Bussey, T. J. (2007). 
 21 
Perirhinal cortex resolves feature ambiguity in configural object recognition and 
perceptual oddity tasks. Learning & Memory, 14(12), 821-832. 
Bartko, S. J., Cowell, R. A., Winters, B. D., Bussey, T. J., & Saksida, L. M. (2010). 
Heightened susceptibility to interference in an animal model of amnesia: 
Impairment in encoding, storage, retrieval–or all three? Neuropsychologia, 
48(10), 2987-2997. 
Baker, C. I., Behrmann, M., & Olson, C. R. (2002). Impact of learning on representation 
of parts and wholes in monkey inferotemporal cortex. Nature Neuroscience, 
5(11), 1210-1216. 
Bakker, A., Kirwan, C. B., Miller, M., & Stark, C. E. (2008). Pattern separation in the 
human hippocampal CA3 and dentate gyrus. Science, 319(5870), 1640-1642. 
Barense, M. D., Bussey, T. J., Lee, A. C., Rogers, T. T., Davies, R. R., Saksida, L. M., 
...& Graham, K. S. (2005). Functional specialization in the human medial 
temporal lobe. The Journal of Neuroscience, 25(44), 10239-10246. 
Barense, M. D., Groen, I. I., Lee, A. C., Yeung, L. K., Brady, S. M., Gregori, M., ... & 
Henson, R. N. (2012). Intact memory for irrelevant information impairs perception 
in amnesia. Neuron, 75(1), 157-167. 
Bekinschtein, P., Kent, B. A., Oomen, C. A., Clemenson, G. D., Gage, F. H., Saksida, L. 
M., & Bussey, T. J. (2013). BDNF in the dentate gyrus is required for 
consolidation of “pattern-separated” memories. Cell Reports, 5(3), 759-768. 
Bekinschtein, P., Kent, B. A., Oomen, C. A., Clemenson, G. D., Gage, F. H., Saksida, L. 
M., & Bussey, T. J. (2014). Brain‐derived neurotrophic factor interacts with adult-
born immature cells in the dentate gyrus during consolidation of overlapping 
memories. Hippocampus, 24(8), 905-911.  
Buckley, M. J., & Gaffan, D. (1998). Perirhinal cortex ablation impairs visual object 
 22 
identification. The Journal of Neuroscience, 18(6), 2268-2275. 
Burke, S. N., Wallace, J. L., Nematollahi, S., Uprety, A. R., & Barnes, C. A. (2010). 
Pattern separation deficits may contribute to age-associated recognition 
impairments. Behavioral Neuroscience, 124(5), 559. 
Bussey, T. J., & Saksida, L. M. (2002). The organization of visual object representations: 
a connectionist model of effects of lesions in perirhinal cortex. European Journal 
of Neuroscience, 15(2), 355-364. 
Bussey, T. J., & Saksida, L. M. (2005). Object memory and perception in the medial 
temporal lobe: an alternative approach. Current opinion in Neurobiology, 15(6), 
730-737. 
Bussey, T. J., Saksida, L. M., & Murray, E. A. (2002). Perirhinal cortex resolves feature 
ambiguity in complex visual discriminations. European Journal of Neuroscience, 
15(2), 365-374. 
Bussey, T. J., Saksida, L. M., & Murray, E. A. (2003). Impairments in visual 
discrimination after perirhinal cortex lesions: testing ‘declarative’vs.‘perceptual‐
mnemonic’views of perirhinal cortex function. European Journal of Neuroscience, 
17(3), 649-660. 
Butters, N., & Cermak, L. S. (1980). Alcoholic Korsakoff’s syndrome: An information 
processing approach. New York: Academic Press. 
Chun, M. M., & Phelps, E. A. (1999). Memory deficits for implicit contextual information 
in amnesic subjects with hippocampal damage. Nature Neuroscience, 2, 844–
847. 
Clelland, C. D., Choi, M., Romberg, C., Clemson, G. D., Fragniere, A., Tyers, P., 
Jessberger, S., Barker, R. A., Gage, F. H., & Bussey, T. J. (2009). A functional 
role for adult hippocampal neurogenesis in spatial pattern separation. Science, 
 23 
325, 210.  
Cohen, N. J.,&  Eichenbaum, H. (1993) Memory, Amnesia and the Hippocampal System 
MIT Press, Cambridge, MA  
Cowell, R. A., Bussey, T. J., & Saksida, L. M. (2006). Why does brain damage impair 
memory? A connectionist model of object recognition memory in perirhinal 
cortex.  Journal of Neuroscience, 26(47), 12186-12197. 
Cowell, R. A., Bussey, T. J., & Saksida, L. M. (2010). Functional dissociations within the 
ventral object processing pathway: cognitive modules or a hierarchical 
continuum?. Journal of Cognitive Neuroscience, 22(11), 2460-2479. 
Cowell, R. A., Bussey, T. J., & Saksida, L. M. (2010b). Components of recognition 
memory: dissociable cognitive processes or just differences in representational 
complexity?. Hippocampus, 20(11), 1245-1262. 
Creer, D. J., Romberg, C., Saksida, L. M., van Praag, H., & Bussey , T. J. (2010). 
Running enhances spatial pattern separation in mice. Proceedings of the 
National Academy of Sciences, 107(5), 2367-2372.  
Desimone, R., Albright, T. D., Gross, C. G., & Bruce, C. (1984). Stimulus-selective 
properties of inferior temporal neurons in the macaque. The Journal of 
Neuroscience, 4(8), 2051-2062. 
Desimone, R., & Ungerleider, L. G. (1989). Neural mechanisms of visual processing in 
monkeys. Handbook of Neuropsychology, 2, 267-299. 
Erez, J., Cusack, R., Kendall, W., & Barense, M. D. (2015). Conjunctive Coding of 
Complex Object Features. Cerebral Cortex (New York, NY : 1991).  
Forwood, S. E., Cowell, R. A., Bussey, T. J., & Saksida, L. M. (2012). Multiple cognitive 
abilities from a single cortical algorithm. Journal of Cognitive Neuroscience, 
24(9), 1807–1825. http://doi.org/10.1162/jocn_a_00250 
Gaffan, D. (2002). Against memory systems. Philosophical Transactions of the Royal 
 24 
Society of London. Series B: Biological Sciences, 357(1424), 1111-1121. 
Gilbert, P. E., Kesner, R. P., & Lee, I. (2001). Dissociating hippocampal subregions: a 
double dissociation between dentate gyrus and CA1. Hippocampus, 11(6), 626-
636. 
Gilbert, P. E., & Kesner, R. P. (2002). The amygdala but not the hippocampus is 
involved in pattern separation based on reward value. Neurobiology of Learning 
and Memory, 77(3), 338-353. 
Gilbert, P. E., & Kesner, R. P. (2003). Recognition memory for complex visual 
discriminations is influenced by stimulus interference in rodents with perirhinal 
cortex damage. Learning & memory, 10(6), 525-530.  
Graham, K. S., Barense, M. D., & Lee, A. C. (2010). Going beyond LTM in the MTL: a 
synthesis of neuropsychological and neuroimaging findings on the role of the 
medial temporal lobe in memory and perception. Neuropsychologia, 48(4), 831-
853. 
Graham, K. S., Scahill, V. L., Hornberger, M., Barense, M. D., Lee, A. C., Bussey, T. J., 
& Saksida, L. M. (2006). Abnormal categorization and perceptual learning in 
patients with hippocampal damage. Journal of Neuroscience, 26(29), 7547-7554. 
Gross, C. G. (2008). Single neuron studies of inferior temporal cortex. 
Neuropsychologia, 46(3), 841-852. 
Hunsaker, M. R., & Kesner, R. P. (2013). The operation of pattern separation and 
pattern completion processes associated with different attributes or domains of 
memory. Neuroscience & Biobehavioral Reviews, 37(1), 36-58. 
Hunsaker, M. R., Rosenberg, J. S., & Kesner, R. P. (2008). The role of the dentate 
gyrus, CA3a, b, and CA3c for detecting spatial and environmental novelty. 
Hippocampus, 18(10), 1064-1073. 
 25 
Kesner, R.P., Hunsaker, M.R., Ziegler, W., 2011. The role of the dorsal and ventral 
hippocampus in olfactory working memory. Neurobiology of Learning and 
Memory 96, 361–366. 
Kesner, R.P., Taylor, J.O., Hoge,J. & Andy, F (2015). Role of the dentate gyrus in 
mediating object-spatial configuration recognition. Neurobiology of Learning and 
Memory, 118, 42-48. 
Kheirbek, M. A., Tannenholz, L., & Hen, R. (2012). NR2B-dependent plasticity of adult-
born granule cells is necessary for context discrimination. Journal of 
Neuroscience, 32(25), 8696-8702.  
Kopelman, M. D. (2002). Disorders of memory. Brain, 125, 2152–2190. 
Lee, A. C., Buckley, M. J., Gaffan, D., Emery, T., Hodges, J. R., & Graham, K. S. (2006). 
Differentiating the roles of the hippocampus and perirhinal cortex in processes 
beyond long-term declarative memory: A double dissociation in dementia. 
Journal of Neuroscience, 26, 5198–5203. 
Lee, A. C., Buckley, M. J., Pegman, S. J., Spiers, H., Scahill, V. L., Gaffan, D., et al. 
(2005a). Specialization in the medial temporal lobe for processing of objects and 
scenes. Hippocampus, 15, 782–797. 
Lee, A. C. H., Bussey, T. J., Murray, E. A., Saksida, L. M., Epstein, R. A., Kapur, N., 
Hodges, J. R. & Graham, K. S. (2005b). Perceptual deficits in amnesia: 
challenging the medial temporal lobe ‘mnemonic’ view. Neuropsychologia, 43(1), 
1-11. 
Lee, A. C., Levi, N., Davies, R. R., Hodges, J. R., & Graham, K. S. (2007). Differing 
profiles of face and scene discrimination deficits in semantic dementia and 
Alzheimer’s disease. Neuropsychologia, 45, 2135–2146. 
Lee, A. C., & Rudebeck, S. R. (2010). Human medial temporal lobe damage can disrupt 
the perception of single objects. Journal of Neuroscience, 30(19), 6588-6594. 
 26 
Lee, A., Scahill, V., & Graham, K. (2008). Activating the medial temporal lobe during 
oddity judgment for faces and scenes. Cerebral Cortex, 18, 683–696. 
Lee, I., & Solivan, F. (2010). Dentate gyrus is necessary for disambiguating similar 
object-place representations. Learning & Memory, 17(5), 252-258. 
Leutgeb, J. K., Leutgeb, S., Moser, M. B., & Moser, E. I. (2007). Pattern separation in 
the dentate gyrus and CA3 of the hippocampus. Science, 315(5814), 961-966. 
Marr, D. (1971). Simple memory: a theory for archicortex. Philosophical Transactions of 
the Royal Society of London. Series B, Biological Sciences, 23-81. 
McHugh, T. J., Jones, M. W., Quinn, J. J., Balthasar, N., Coppari, R., Elmquist, J. K., 
Lowell, B. B., Fanselow, M. S., Wilson, M. A., & Tonegawa, S. (2007). Dentate 
gyrus NMDA receptors mediate rapid pattern separation in the hippocampal 
network. Science, 317(5834), 94-99. 
McTighe, S. M., Cowell, R. A., Winters, B. D., Bussey, T. J., & Saksida, L. M. (2010). 
Paradoxical false memory for objects after brain damage. Science, 330(6009), 
1408-1410. 
Meudell, P., & Mayes, A. (1982). Normal and abnormal forgetting: Some comments on 
the human amnesic syndrome. In A. W. Ellis (Ed.), Normality and pathology in 
cognitive functions (pp. 203–207). London: Academic Press. 
Murray, E. A., & Bussey, T. J. (1999). Perceptual–mnemonic functions of the perirhinal 
cortex. Trends in Cognitive Sciences, 3(4), 142-151. 
Murray, E. A., Bussey, T. J., & Saksida, L. M. (2007). Visual Perception and Memory: A 
New View of Medial Temporal Lobe Function in Primates and Rodents*. Annu. 
Rev. Neurosci., 30, 99-122. 
Murray, E. A., & Bussey, T. J. (1999). Perceptual–mnemonic functions of the perirhinal 
cortex. Trends in Cognitive Sciences, 3(4), 142-151. 
 27 
Nadel, L., & Peterson, M. A. (2013). The hippocampus: Part of an interactive posterior 
representational system spanning perceptual and memorial systems. Journal of 
Experimental Psychology: General, 142(4), 1242. 
Nakashiba, T., Cushman, J. D., Pelkey, K. A., Renaudineau, S., Buhl, D. L., McHugh, T. 
J., … & Tonegawa, S. (2012). Young dentate granule cells mediate pattern 
separation, whereas old granule cells facilitate pattern completion. Cell, 149(1), 
188-201. 
Neunuebel, J. P., & Knierim, J. J. (2014). CA3 retrieves coherent representations from 
degraded input: direct evidence for CA3 pattern completion and dentate gyrus 
pattern separation. Neuron, 81(2), 416-427. 
Neunuebel, J. P., Yoganarasimha, D., Rao, G., & Knierim, J. J. (2013). Conflicts 
between local and global spatial frameworks dissociate neural representations of 
the lateral and medial entorhinal cortex. The Journal of Neuroscience, 33(22), 
9246-9258. 
Norman, K. A., & O'Reilly, R. C. (2003). Modeling hippocampal and neocortical 
contributions to recognition memory: a complementary-learning-systems 
approach. Psychological Review, 110(4), 611. 
Norman, K. A. (2010). How hippocampus and cortex contribute to recognition memory: 
revisiting the complementary learning systems model. Hippocampus, 20(11), 
1217-1227.. 
O'Keefe, J., & Nadel, L. (1978). The hippocampus as a cognitive map (Vol. 3, pp. 483-
484). Oxford: Clarendon Press. 
O'Reilly, R. C., & McClelland, J. L. (1994). Hippocampal conjunctive encoding, storage, 
and recall: avoiding a trade-off. Hippocampus, 4(6), 661-682. 
PatternSeparation.com (2015). Pattern separation: disambiguating the similar since 
1971… Retrieved from http://patternseparation.com 
 28 
Plaut, D. C. (1995). Double dissociation without modularity: Evidence from connectionist 
neuropsychology. Journal of Clinical and Experimental Neuropsychology, 17(2), 
291-321. 
Quiroga, R. Q., Reddy, L., Kreiman, G., Koch, C., & Fried, I. (2005). Invariant visual 
representation by single neurons in the human brain. Nature, 435(7045), 1102-
1107. 
Quiroga, R. Q., Kreiman, G., Koch, C., & Fried, I. (2008). Sparse but not ‘grandmother-
cell’coding in the medial temporal lobe. Trends in Cognitive Sciences, 12(3), 87-
91. 
Rauschecker, J. P., & Scott, S. K. (2009). Maps and streams in the auditory cortex: 
nonhuman primates illuminate human speech processing. Nature Neuroscience, 
12(6), 718-724. 
Reagh, Z. M., Roberts, J. M., Ly, M., DiProspero, N., Murray, E., & Yassa, M. A. (2014). 
Spatial discrimination deficits as a function of mnemonic interference in aged 
adults with and without memory impairment. Hippocampus, 24(3), 303-314. 
Riedel, G., Micheau, J., Lam, A. G., Roloff, E., Martin, S. J., Bridge, H., et al. (1999). 
Reversible neural inactivation reveals hippocampal participation in several 
memory processes. Nature Neuroscience, 2, 898–905. 
Riesenhuber, M., & Poggio, T. (1999). Hierarchical models of object recognition in 
cortex. Nature Neuroscience, 2(11), 1019-1025. 
Rolls, E. T., & Kesner, R. P. (2006). A computational theory of hippocampal function, 
and empirical tests of the theory. Progress in Neurobiology, 79(1), 1-48. 
Rolls, E. T. (1987). Information representation, processing and storage in the brain: 
analysis at the single neuron level. The Neural and Molecular Bases of Learning, 
503-540.  
 29 
Rolls, E. T. (1989). “Functions of neuronal networks in the hippocampus and cerebral 
cortex in memory,” in Models of Brain Function, ed R. M. J. Cotterill (Cambridge: 
Cambridge University Press), 15–33. 
Rolls, E. T. (1990). “Functions of the primate hippocampus in spatial processing and 
memory,” in Neurobiology of Comparative Cognition, eds D. S. Olton and R. P. 
Kesner (Hillsdale, NJ: L. Erlbaum), 339–362. 
Rolls, E. T. (2015). Limbic systems for emotion and for memory, but no single limbic 
system. Cortex, 62, 119-157. 
Romberg, C., McTighe, S. M., Heath, C. J., Whitcomb, D. J., Cho, K., Bussey, T. J., & 
Saksida, L. M. (2012). False recognition in a mouse model of Alzheimer’s 
disease: rescue with sensory restriction and memantine. Brain, 135(7), 2103-
2114. 
Sahay, A., Scobie, K. N., Hill, A. S., O'Carroll, C. M., Kheirbek, M. A., Burghardt, N. S., 
... & Hen, R. (2011). Increasing adult hippocampal neurogenesis is sufficient to 
improve pattern separation. Nature, 472(7344), 466-470. 
Saksida L.M., Bussey T.J., (1998). Toward a neural network model of visual object 
identification in primate inferotemporal cortex. Abstract Viewer/Itinerary Planner. 
Program No. 1906. Society for Neuroscience, Washington, DC. 
Saksida, L. M., & Bussey, T. J. (2010). The representational–hierarchical view of 
amnesia: Translation from animal to human. Neuropsychologia, 48(8), 2370-
2384. 
Saksida, L. M., Bussey, T. J., Buckmaster, C. A., & Murray, E. A. (2006). No effect of 
hippocampal lesions on perirhinal cortex‐dependent feature‐ambiguous visual 
discriminations. Hippocampus, 16(4), 421-430. 
 30 
Saksida, L. M., Bussey, T. J., Buckmaster, C. A., & Murray, E. A. (2007). Impairment 
and facilitation of transverse patterning after lesions of the perirhinal cortex and 
hippocampus, respectively. Cerebral Cortex, 17(1), 108-115. 
Squire, L. R., & Zola-Morgan, S. (1991). The medial temporal lobe memory system. 
Science, 253(5026), 1380-1386. 
Schacter, D. L., & Tulving, E. (Eds.). (1994). Memory Systems. MIT Press. 
Sripati, A. P., & Olson, C. R. (2010). Responses to compound objects in monkey 
inferotemporal cortex: the whole is equal to the sum of the discrete parts. The 
Journal of Neuroscience, 30(23), 7948-7960. 
Tanaka, K. (1996). Inferotemporal cortex and object vision. Annual Review of 
Neuroscience, 19(1), 109-139. 
Treves, A., and Rolls, E. T. (1994). Computational analysis of the role of the 
hippocampus in memory. Hippocampus 4, 374–391. 
Tronel, S., Belnoue, L., Grosjean, N., Revest, J. M., Piazza, P. V., Koehl, M., & Abrous, 
D. N. (2012). Adult‐born neurons are necessary for extended contextual 
discrimination. Hippocampus, 22(2), 292-298. 
Vinje, W. E., and Gallant, J. L. (2000). Sparse coding and decorrelation in primary visual 
cortex during natural vision. Science 287, 1273–1276.  
Warren, J. E., Wise, R. J., & Warren, J. D. (2005). Sounds do-able: auditory–motor 
transformations and the posterior temporal plane. Trends in Neurosciences, 
28(12), 636-643. 
Warrington, E. K., & Weiskrantz, L. (1970). Amnesic syndrome: Consolidation or 
retrieval? Nature, 228, 628–630. 
Warrington, E. K., & Weiskrantz, L. (1978). Further analysis of the prior learning effect in 
amnesic patients. Neuropsychologia, 16, 169–177. 
 31 
Winters, B. D., Bartko, S. J., Saksida, L. M., & Bussey, T. J. (2007). Scopolamine 
infused into perirhinal cortex improves object recognition memory by blocking the 
acquisition of interfering object information. Learning & Memory, 14(9), 590-596. 
Winters, B. D., & Bussey, T. J. (2005). Transient inactivation of perirhinal cortex disrupts 
encoding, retrieval, and consolidation of object recognition memory. The Journal 
of Neuroscience, 25(1), 52-61. 
Yassa, M. A., & Stark, C. E. (2011). Pattern separation in the hippocampus. Trends in 
Neurosciences, 34(10), 515-525. 
Yeung, L. K., Ryan, J. D., Cowell, R. A., & Barense, M. D. (2013). Recognition memory 
impairments caused by false recognition of novel objects. Journal of 
Experimental Psychology: General, 142(4), 1384. 
Zeidman, P., Mullally, S. L., & Maguire, E. A. (2014). Constructing, Perceiving, and 
Maintaining Scenes: Hippocampal Activity and Connectivity. Cerebral Cortex, 
bhu266. 
 
 
